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The present invention relates to removable seating systems of
the type wherein all or part of a seat may be removed or
otherwise disengaged from a secure connection location,
such as but not limited to vehicle seats that me be removed or
disengage for folding from a vehicle mounted seat frame
assembly. The system may include coupling circuits to facili-
tate assess states of a switch included on the removable seat.

20 Claims, 3 Drawing Sheets
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1
REMOVABLE SEAT SENSING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to removable seating systems
of the type wherein all or part of a seat may be removed or
otherwise disengaged from a secure connection location,
such as but not limited to vehicle seats that me be removed or
disengage for folding from a vehicle mounted seat frame
assembly.

2. Background Art

The present invention relates to removable seating systems
ol the type wherein all or part of a seat may be removed or
otherwise disengaged from a secure connection location,
such as but not limited to vehicle seats that me be removed or
disengage for folding from a vehicle mounted seat frame
assembly. Such systems may include removable, movable or
toldable (hide able) seat bottoms and backs.

The need for momitoring some variables 1n the seat (seat-
belt buckle, occupancy sensor, seat anchoring to body plat-
form . . . ) may require a logical link (and even a power
connection) between seat and vehicle chassis. However, the
use of physical connection for an electric circuit 1s not rec-
ommended due to possible quality problems appearing from
the limited mating-life of connectors that would lead to mal-
function after a few assemblies and disassemblies of the seats.

Furthermore, the need for manual mating of these connec-
tors transiers the responsibility to the end user (driver or
passenger), which may not be desired by the OEM. Some
self-aligning connectors have been developed to avoid user
participation, but these self-matching devices may still have
the problem of the limited number of mating—un-mating,
actions.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s pointed out with particularity in
the appended claims. However, other features of the present
invention will become more apparent and the present mnven-
tion will be best understood by referring to the following
detailed description in conjunction with the accompany
drawings 1n which:

FIG. 1 1llustrates a seating system in accordance with one
non-limiting aspect of the present invention;

FIG. 2 illustrates a seat coupling circuit 1n accordance with
one non-limiting aspect of the present mnvention;

FIG. 3 illustrates a seat coupling circuit 1n accordance with
one non-limiting aspect of the present invention;

FI1G. 4 illustrates coupling between circuits in accordance
with one non-limiting aspect of the present invention;

FIG. 5 illustrates a graph of signal variations associated
with resonance between coupling circuits;

FI1G. 6 illustrates a voltage component of the signal varia-
tions 1n accordance with one non-limiting aspect of the
present invention; and

FIG. 7 illustrates a comparator in accordance with one
non-limiting aspect of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

FIG. 1 1llustrates a seating system 10 1n accordance with
one non-limiting aspect of the present invention. The system
10 may relate to vehicle or non-vehicle systems wherein a
seating system includes a removable seat or seat having a
removable portion (not shown) such that the removable por-
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tion may be removed or otherwise disengaged from a support
clement or other element characterized as being a non-remov-
able seat portion, such as but not limited to an element asso-
ciated with supporting the removable seat.

The system 10 generally relates to facilitating wireless
communication between the removable seat and non-remov-
able seat portion. For exemplary purposes only and without
intending to limit the scope and contemplation of the present
invention, the system 1s described with respect to a vehicle
having a removable seat and vehicle chassis used to support
and/or electrically communication with the seat so as to facili-
tate electrical communications between the removable and
non-removable portions. The present invention fully contem-
plates its use m any number of environments and 1s not
intended to be limited to the foregoing going.

The system 10 1illustrated 1n FIG. 1 includes a number of
switches 12-16 associated with one or more removable seats
and a fixed controller 18 mounted to a vehicle floor or other
clement in the vehicle. The controller 18 may be configured to
determine an activation state of the switches 12-16 as a func-
tion of an electrical coupling between seat coupling circuits
24-28 associated with the switches 12-16 and corresponding
vehicle coupling circuits 32-36 associated with the controller
18.

As described below 1n more detail, electrical transmission
between the coupled circuits 24-36 may be used to sense
and/or otherwise assess various seating parameters of the
corresponding seat. The electric transmission may be limited
to resonance based transmission commonly associated with a
transiormer, tuned inductance, or other similar arrangement.
Optionally, the communication may relate only to resonant
based influences without the communication of data or other
information.

The switches 12-16 may be associated with any number of
sensors or other features included on one or more seats. For
example, the switches 12-16 may be associated with belt
buckle locks commonly used to lock a seat belt associated
with restraining an seat occupant within a vehicle seat. The
switches 12-16 may be binary switches having open and
closed states such that the open state corresponds with the seat
belt being unlocked and the closed state corresponds with the
seat being locked.

The controller 18 may assess whether the switches 12-16
are opened or closed as a function of the coupling between the
seat and vehicle coupling circuits 24-36. This information
may then be communicated to other vehicle systems. FIG. 1
illustrate a airbag control module 40 being 1n communication
with the controller 18. The airbag control module 40 may be
configured to control airbag deployment as a function of
whether the seat belts are buckled or unbuckled, such as but
not limited to preventing airbag deployment for seats having
unbuckled seat belts.

Of course, the present mvention 1s not limited to control-
ling airbag deployment as a function switch state. The cou-
pling signals may be used to facilitate any number of opera-
tions. For example, the switch state may be used to facilitate
controlling displays and other information to the passenger or
clsewhere 1n the vehicle, such as but not limited to generating
a seat belt unlock warning or activating an seat belt unlocked
indicator.

FIG. 2 illustrates the seat coupling circuit 24 in accordance
with one non-limiting aspect of the present mvention. The
circuit 24 may 1nclude an inductor 42 in series with a capaci-
tor 44 and the switch. The circuit 24 provides resonance when
the inductor 42 1s exposed to a magnetic field and the switch
12 1s closed. The circuit 24 fails to provide resonance when
the switch 12 1s open, regardless of the presence of a magnetic
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field. In this manner, the circuit 24 may be characterized as
providing binary resonance operation in so far as the circuit
provides resonance or no resonance at all, 1.e., 1t has as single
resonance. In this manner, the circuit 24 may be used to
provide resonance when the switch 12 1s closed and no reso-

nance with the switch 12 1s open.

FI1G. 3 illustrates the seat coupling circuit 24 1n accordance
with one non-limiting aspect of the present invention. The
circuit 24 may include the inductor 42 in parallel with the
capacitor 44 and in series with the switch 12. The circuit 24
provides resonance when the inductor 42 1s exposed to a
magnetic field and the switch 12 1s open. The circuit 24 fails
to provide resonance when the switch 12 1s closed, regardless
of the presence of a magnetic field. In this manner, the circuit
24 may be characterized as providing binary resonance
operation 1n so for as the circuit 24 provides resonance or no
resonance at all, 1.e., 1t has as single resonance. In this manner,
the circuit 24 may be used to provide resonance when the
switch 12 1s open and no resonance with the switch 12 1s
closed.

FIG. 4 1llustrates one of the vehicle coupling circuits 32
being coupled with one of the seat coupling circuits 24 in
accordance with one non-limiting aspect ol the present inven-
tion. The vehicle coupling circuit 32 may include a signal
generator 50 and an inductor 52. The signal generator 50 may
operate 1n conjunction with the inductor 52 to generate the
magnetic field associated with coupling the inductor 52 on the
vehicle coupling circuit 32 with the inductor 42 of the seat
coupling circuit 24, which 1s shown for exemplary purposes
to correspond with the seat coupling circuit shown 1n FIG. 3.

The controller 18 may be configured to control the signal
generated by the signal generator 50 and to perform other
operations related thereto. While only one coupling arrange-
ment 1s shown 1 FIG. 4, the controller 18 may be used to
separately generate signals and monitor corresponding cou-
pling between any number of pairs of vehicle and seat cou-
pling circuits. This allows the present invention to monitor
switch state for diflerent types of switches on any number of
seats with the vehicle.

FIG. 5 1llustrates a graph 60 of signal variations associated
with resonance between the seat 24 and vehicle coupling
circuits 34. The vertical axis corresponds with a voltage at the
vehicle inductor 52 and a signal corresponds with the signal
associated with the corresponding signal generator and time
based vanations therein. Condition A corresponds with the
absence of resonance and Condition B corresponds with the
present of resonance, 1.e., coupling. This vanation i ampli-
tude may be used to assess switch state as the voltage across
the vehicle inductor 52 drops when the circuits are coupled
together, 1.¢., 1n the present of resonance.

FI1G. 6 illustrates a graph 62 associated with the controller
18 converting the AC signal of FIG. 5 to a DC signal 1n
accordance with one non-limiting aspect of the present inven-
tion. This conversion may be done with an nverter or other
clement (not shown) associated with the controller 18. As
shown, distinct voltage based variations occur between con-
dition (no resonance) and condition B (no resonance).
Optionally, the controller 18 may include a filter or other
similar element to reduce noise and other variance in the
signal prior to converting it to the 1llustrated DC signal.

FIG. 7 illustrates a comparator 64 of the controller 18 in
accordance with one non-limiting aspect ol the present inven-
tion. The comparator 68 may receive the DC signal of asso-
ciated with the voltage variations at the vehicle inductor 52
(Vind) for comparison to a reference voltage (Vretl). The
comparison may be used to determine the state of the switch
12, depending on the configuration of the seat coupling circuit
24. For example, the seat coupling circuit 24 shown in FIG. 2
1s 1n a closed state when the voltage 1s less than the reference
voltage and 1n an open state when the voltage 1s greater than
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the reference voltage. The seat coupling circuit 24 shown in
FIG. 3 1s 1n an open state when the voltage 1s less than the
reference voltage and 1n a closed state when the voltage 1s
greater than the reference voltage.

An output from the comparator 64 may be communicated
to the airbag module 40 for use 1n controlling airbag deploy-
ment, as noted above. Likewise, the controller 18 or other
vehicle element may use the output to perform any number of
other operations, such as but not limited to generating the seat
belt warning, etc. In this manner, the present invention 1s able
to assess switch state and use this information to 1tself control
and/or to facilitate controller other vehicle based systems

One non-limiting aspect of the present invention relates to
determining switch state as a function voltage variations
resulting from the coupling/resonance between two coupling
circuits. In this manner, the analysis of the present invention
may be advantageously performed without regard to the
actual resonance frequency, without requiring multiple reso-
nance frequencies for each state, and without requiring data to
be communicated between the coupling circuits.

One non-limiting aspect of the present invention relates to
an only-detection system, without any responsibility 1n the
actuation of safety devices (for example, airbag systems). The
related system may produce status signals to an external
controller for that safety functions.

One non-limiting aspect of the present mvention may be
considered as a simplified system that produces a cost-etiec-
tive system without the need of complex electronics, but at the
same time without compromising the required system
responses, as the proposed invention includes relatively fast
reaction times.

One non-limiting aspect of the present invention relates to
the use of active components on the vehicle side and passive
units being installed on each seat having only transponders
that will react to the external excitation signals. Active com-
ponents 1n the vehicle side will generate an alternating signal
for each seat, with an optional fixed frequency for all of them.
Some other active components will be able to read the
response from each separate seat, in order to produce the
specific message to the external controller module. Detection
may be achieved through a single resonant frequency, and
thus 1t 1s not needed to differentiate between several frequen-
cies or harmonics from a same frequency.

One non-limiting aspect of the present invention relates to
a resonant circuit 1n the seat including an inductor, a mating
capacitor (to create resonance at the desired frequency) and
the switches to be detected. As a result, behavior should be
expected from the system may include: requiring switches or
sensors to be naturally closed in the static position (for
example, belt not buckled, or occupancy sensor in low 1imped-
ance); the active position may be considered as an open cir-
cuit (belt buckled, occupancy sensor in high impedance);
since any of the switches connected 1n series will trigger the
change of status, only two signals may be produced 1n the first
embodiment, 1.e., OK and NOT OK; basic response from the
opening of the circuit may be the complete elimination of the
resonance 1n the seat side, so that the coupling will disappear.

One non-limiting aspect of the present invention relates to
an imductive coupling system to provide remote diagnostic on
the status of one or several signals 1n one or several movable,
removable or foldable (hide-able) seats of a motor vehicle,
such as but not limited to within a vehicle having a number of
independent seats, two or three (second row only) up to six
(second and third rows of seats present) seats 1n a vehicle.

One non-limiting aspect of the present invention relates to
a whole system consisting of main module and slave emitters
on the vehicle side, and passive transponders on the seat side,
which may optionally uses a single frequency for all seats that
does not require the use of harmonic frequencies 1n 1ts func-
tion.
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One non-limiting aspect of the present invention relates to
reporting the switch state to an external module, such as but
not limited to detecting status of a seat belt buckle, detecting,
status of an occupancy sensor, and/or detecting status of a seat
locking to the chassis platform, detecting status of a backrest
mechanism locking.

One non-limiting aspect of the present invention relates to
some parts of the present invention being realized with stan-

dard electronic assembly technologies, with metal-fret struc-
tures to eliminate the need of circuit boards, and/or with

three-dimensional mould-interconnect device (MID) tech-
nologies to integrate the electronic components with the
required plastic housing.

Asrequired, detailed embodiments of the present invention
are disclosed herein; however, 1t 1s to be understood that the
disclosed embodiments are merely exemplary of the mven-
tion that may be embodied 1n various and alternative forms.
The figures are not necessarily to scale, some features may be
exaggerated or mimmized to show details of particular com-
ponents. Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting, but
merely as a representative basis for the claims and/or as a
representative basis for teaching one skilled in the art to
variously employ the present invention.

While embodiments of the invention have been illustrated
and described, it 1s not intended that these embodiments
illustrate and describe all possible forms of the invention.
Rather, the words used in the specification are words of
description rather than limitation, and it 1s understood that
various changes may be made without departing from the
spirit and scope of the invention.

What 1s claimed 1s:

1. A removable vehicle seating system for wirelessly sens-
ing activation of a switch included on a removable seat, the
system comprising:

a first coupling circuit on the removable seat configured for

resonating as a function of switch activation;

a second coupling circuit wirelessly coupled with the first

coupling circuit; and

a voltage unit in communication with the second coupling

circuit for assessing switch activation as a function of a
voltage variation of the second coupling circuit resulting
from resonance of the first coupling circuit.

2. The system of claim 1 wherein the voltage unit assess
switch activation solely as a function of the voltage variation
and without assessing a frequency of the first or second cou-
pling circuits.

3. The system of claim 1 wherein the activation of the
switch 1s characterized by the switch being 1n either one of an
inactive state and an active state, and wherein the first cou-
pling circuit resonates for one but not both of the states.

4. The system of claim 1 wherein the voltage variation only
occurs 1f the first coupling circuit 1s resonating.

5. The system of claim 1 wherein the first coupling circuit
includes an inductor connected 1n series with a capacitor and
the seat switch such that the first coupling circuit only reso-
nates when the seat switch 1s closed.

6. The system of claim 1 wherein the first coupling circuit
includes an mductor connected 1n parallel with a capacitor
and 1n series with the seat switch such that the first coupling
circuit only resonates when the seat switch 1s open.

7. The system of claim 1 wherein the switch 1s a seat belt
lock having a locked state and an unlocked state and the
activation of the switch indicates whether the seat belt1s 1n the
unlocked or lock state.
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8. The system of claim 7 further comprising an airbag
control module 1n communication with the voltage sensing
unmit, wherein the air bag control module controls deployment
of an air bag as a function of whether the seat belt 1s 1n the
locked or unlocked state.

9. The system of claim 1 wherein the second coupling
circuit radiates a magnetic field used to couple the first and
second coupling circuits, wherein the magnetic field radiates
at a fTundamental frequency and without any harmonaics.

10. A method for wirelessly sensing activation of a switch
included on a removable seat, the method comprising:

monitoring a voltage variation of a second coupling circuit

wirelessly coupled to a first coupling circuit included on
the removable seat, the voltage variation being associ-
ated with resonance of the first coupling circuit, wherein
the resonance of the first coupling circuit 1s dependent
on an activation state of the switch; and

determining the activation state of the switch to corre-

sponding with the switch being inactive or active based
on the voltage varniation.

11. The method of claim 10 further comprising determin-
ing the activation state of the switch solely as a function of the
voltage variation and without determining a frequency of the
first or second coupling circuits.

12. The method of claim 10 further comprising determin-
ing the activation state as a function of the first coupling
circuit resonating for one but not both of the states.

13. The method of claim 10 further comprising determin-
ing the activation state of the switch based on the voltage
variation only occurring when the first coupling circuit 1s
resonating.

14. The method of claim 10 resonating the second coupling
circuit without harmonics of a frequency at which the first
coupling circuit resonates.

15. A vehicle seating system comprising;:

a first coupling circuit on a removable seat, the seat having

a seat switch operable between an active state and an
inactive state, the first coupling circuit configured to
resonate as a function of one but not both of the states:

a second coupling circuit wirelessly coupled with the first

coupling circuit; and

a unit in communication with the second coupling circuit

for assessing switch activation as a function of a voltage
variation of the second coupling circuit resulting from
resonance of the first coupling circuait.

16. The system of claim 15 wherein the unit assess switch
activation solely as a function of the voltage variation and
without assessing a frequency of the first or second coupling
circuits.

17. The system of claim 15 wherein the voltage variation
only occurs if the first coupling circuit 1s resonating.

18. The system of claim 15 wherein the switch is a seat belt
lock having a locked state and an unlocked state and the
activation of the switch indicates whether the seat belt 1s the
unlocked or locked state.

19. The system of claim 18 further comprising an airbag
control module 1n communication with the voltage sensing
unmt wherein the air bag control module controls deployment
of an air bag as a function of whether the seat belt 1s 1n the
locked or unlocked state.

20. The system of claim 15 wherein the first coupling
resonance at a single frequency to a single resonance ire-
quency of the second coupling circuit.
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